Correlation of nitrosourea murine bone marrow toxicity with deoxyribonucleic acid alkylation and chromatin binding sites.
All of the clinically available nitrosourea antitumor agents produce serious treatment-limiting bone marrow toxicity. A reduction in this toxicity can be achieved by attaching the chloroethylnitrosourea cytotoxic group to C2 (chlorozotocin) or C1 (1-(2-chloroethyl)-3-(beta-D-glucopyranosyl)-1-nitrosourea, GANU) of glucose. Both glucose analogs are less myelotoxic in mice than 1-(2-chloroethyl)-3-cyclohepyl-1-nitrosourea (CCNU) or 1-(4-amino-2-methylpyrimidin-5-yl)methyl-3-(2-chloroethyl)-3-nitrosourea (ACNU), while retaining comparable antitumor activity against the murine L1210 leukemia. To define the nuclear mechanisms for this reduced myelotoxicity, alkylation of L1210 and murine bone marrow DNA was quantitated. With the use of the endonuclease micrococcal nuclease and DNase I, the sites of alkylation within the chromatin substructure were determined. Experiments were performed on L1210 leukemia or bone marrow cells that had been incubated in vitro for 2 hr with 0.1 mM [14C]chloroethyl drug. The quantitative alkylation of DNA by GANU was 1.3-fold greater in L1210, as compared to bone marrow, cells. This ratio of DNA alkylation is comparable to the 1.3 ratio we previously reported for chlorozotocin [L. C. Panasci, D. Green and P. S. Schein, J. clin. Invest. 64, 1103 (1979)]. In contrast, the ratio of alkylation (L1210:bone marrow DNA) for the myelotoxic ACNU was 0.66, similar to 0.59 for CCNU. Nuclease digestion experiments demonstrated that chlorozotocin and GANU preferentially alkylated internucleosomal linker regions of bone marrow chromatin, while nucleosome core particles were the preferred targets of CCNU and ACNU. The reduced myelotoxicity of chlorozotocin and GANU may be correlated with the advantageous ratio of L1210:bone marrow DNA alkylation and preferential alkylation of internucleosomal regions of bone marrow chromatin.